L umbar disk herniation is a common cause of workrelated disability in the general population, with a substantial economic burden. The outcomes of operative and nonoperative treatment have been examined extensively in the general population. [1] [2] [3] [4] [5] However, the unique effect of this condition and its treatment on elite athletes has been less well studied. Authors have criticized the Spine Patient Outcomes Research Trial (SPORT) 6 studies for providing little information regarding maintenance of activity level after treatment for a lumbar disk herniation. 7 Professional athletes place daily stresses on their lumbar spine that are far beyond that of the general population or even the recreational athlete. 8 Furthermore, substantial fi nancial implications to an athlete's recovery period, longevity, and performance after an injury exist. For this reason, common clinical outcome measurements in the peer-reviewed literature, such as visual analog pain scores and return-to-work rates, for sedentary professions are insuffi cient gauges of successful treatment for elite professional athletes. A better understanding of outcomes after treatment for lumbar disk herniation based on pertinent performance measures would be important to athletes, coaches, team owners, and clinicians.
Major League Baseball (MLB) players have the longest season of any of the major professional sports, with a regular season of 162 games over the course of 6 months. This extensive training and playing period, along with the repetitive stresses of batting and pitching, poses a unique challenge to the successful treatment of a career-threatening injury such as a lumbar disk herniation. Although retrospective studies in professional basketball 9 and American football 10 players have reported favorable performance-based outcomes after operative treatment for lumbar disk herniation, the expectations after surgery in MLB athletes are less clear.
Recognizing that the stresses of playing professional baseball differ from those of other sports, this study reports the performance-based outcomes after operative and nonoperative treatment for lumbar disk herniation in MLB players.
MATERIALS AND METHODS

Patients
This is a retrospective comparative study of professional MLB athletes diagnosed with symptomatic lumbar disk herAbstract: Outcomes after lumbar disk herniation in baseball athletes are currently unknown. It has been postulated that the repetitive torque-producing motions of a baseball player may have negative implications after a disk injury. Sixty-nine lumbar disk herniations (40 treated operatively, 29 nonoperatively) in 64 professional baseball players were identifi ed, and important outcome measures including successful return to play, time to recovery, career longevity, and performance based on vital statistics to each position were documented. Ninety-seven percent of baseball athletes successfully returned to play at an average of 6.6 months after diagnosis. Athletes treated operatively required signifi cantly more time to return to play than those managed nonoperatively (8.7 vs 3.6 months, respectively; PϽ.0001).
■ sports medicine update niation treated with operative or nonoperative measures. Using a previously established protocol, [9] [10] [11] [12] [13] players diagnosed with a lumbar disk herniation were identifi ed. Sources such as press releases, newspaper articles, and team injury reports were used. Once a lumbar disk herniation injury was confi rmed, personally identifi able player information, such as name and team, were removed prior to entry into our database.
Inclusion criteria included MLB players on an active roster at the time of injury with reported "herniated disk" or "disk herniation" in the lumbar spine, reported radicular symptoms, and a confi rmed treatment plan from at least 2 sources. Operative treatment was defi ned as either a lumbar microdiskectomy and/or laminotomy/foraminotomy, whereas nonoperative treatment was defi ned as any treatment not involving surgery, such as epidural steroid injections, physical therapy, functional rehabilitation, and activity modifi cation. Standardization of injury type and severity was attempted through exclusion of players with only reported bulging or protruding disk, lack of radicular symptoms, lumbar or back strain, or fracture. Operative patients undergoing lumbar fusion were also excluded. For each eligible player, demographic data such as age, date of MLB debut, height, weight, position, date of injury, category of treatment, and retirement date (if applicable) were recorded. Players were categorized as pitchers (including all starters and relievers) or hitters (all position players, including designated hitters). Hitters were further subcategorized as infi elders (fi rst/second/third base, shortstop, and designated hitters), outfi elders (left, center, or right fi elders), or catchers for separate analysis.
Outcome Measures
Relevant clinical parameters for successful treatment of lumbar disk herniation in a professional baseball player were identifi ed. Return to play was defi ned as return to the active roster for at least 1 professional, regular-season game. Career length before and after injury, measured in games and months played, was determined from public MLB data sources.
14 Only MLB athletes who retired prior to the end of the 2009 regular season were included in the data analysis for career longevity.
Pre-and posttreatment player performance was compared through the use of common pitching and hitting performance statistics. Based on previous publications reporting performance-based outcomes in pitchers, 15, 16 total wins, earned run average (ERA), saves, innings pitched, strikeouts, and walks plus hits divided by innings pitched (WHIP) were used as formal posttreatment outcome measures of pitching performance. Runs, home runs, runs batted in (RBI), stolen bases, and batting average were used for the cohort of hitters as well as the subcohorts of infi elders, outfi elders, and catchers. Although more comprehensive metrics exist, these categories were chosen based on their familiarity and the frequency of their use in quantifying the performance of MLB players.
14 When preinjury career length was suffi cient, the average for each performance category over the 3 years prior to injury was calculated to standardize performance and level of play at the time of injury for each individual athlete. Players who met the career length criteria had these preinjury averages compared with their posttreatment performance statistics averaged at 1-and 3-year time points. The hitter subcategories of infi elders and outfi elders were analyzed in the same fashion. Each player cohort served as its own respective control. Although catchers were included in our analysis of all hitters, we also analyzed them separately from all infi elders because of the unique demands and forces on the lumbar spine this position requires.
Statistical analysis was performed using the Data Analysis Pack from Microsoft Excel 2007 (Redmond, Washington). Fisher's exact test was used to analyze categorical data. Continuous data of each cohort was compared using a twotailed, unequal variance t test for normally distributed data. Statistical signifi cance was set at PϽ.05.
RESULTS
A total of 69 reported episodes of symptomatic lumbar disk hernation (in 64 players) from 1980 to 2009 met the inclusion criteria. Of these episodes of lumbar disk hernation, 29 occurred in pitchers and 40 in hitters. Based on the available sources, no player was diagnosed or treated for multiple levels simultaneously. Operative treatment was performed in 40 cases (20 pitchers and 20 hitters), whereas nonoperative treatment was used in 29 cases (9 pitchers and 20 hitters).
No signifi cant difference existed between the pitcher and hitter cohorts in terms of age at injury and years played at time of injury; however, the hitter cohort had a signifi cantly higher average body mass index (BMI) than the pitching cohort (26.7 vs 25.4, respectively; Pϭ.04) ( Table 1) . When stratifi ed for category of treatment, no signifi cant differences in average BMI were noted among the pitcher or hitter cohorts; (Table 2 ).
Return to Play and Recovery Time
Overall, the return-to-play rate following treatment of lumbar disk hernation was 97.1% at an average time of 6.6 months from the time of injury. This included 39 of 40 (97.5%) players treated operatively and 28 of 29 (96.6%) treated nonoperatively ( Figure 1 ). Players treated operatively had a signifi cantly longer recovery time than those treated nonoperatively (8.7 vs 3.6 months, respectively; PϽ.001) (Figure 2 ).
All pitchers (29 of 29) returned to competitive play after operative or nonoperative treatment of a lumbar disk hernation, whereas 38 of 40 (95%) hitters returned (1 catcher treated nonoperatively and 1 infi elder treated operatively did not return to play) ( Figure  1 ). With the limited numbers available, recovery time from the date of injury was not signifi cantly different between pitchers treated operatively and nonoperatively (Pϭ.25). However, hitters demonstrated longer postoperative rehabilitative time compared with those receiving nonoperative care (9.4 vs 2.6 months, respectively; PϽ.006). When players were stratifi ed by position, this was also true for infi elders treated operatively vs nonoperatively (11.4 vs 1.5 months, respectively; Pϭ.006) but not for outfi elders (Pϭ.43) (Figure 2) . Four catchers, all treated nonoperatively, were identifi ed and analyzed independently from other hitters. Three of the 4 successfully returned to play at an average of 2.3 months after diagnosis (Table 3) .
Career Length
After operative treatment for lumbar disk hernation, (Table 4) .
Statistical Performance
For pitchers in the operative and nonoperative cohorts, the number of wins, saves, innings pitched, and strikeouts did not change from average preinjury values at either 1 or 3 years posttreatment. However, pitchers treated operatively had a signifi cantly poorer ERA and WHIP at 1 (PϽ.05 and PϽ.04, respectively) and 3 years after injury (PϽ.04 and PϽ.03, respectively) when compared with preinjury levels (Table 5) . With the limited numbers available, pitchers treated nonoperatively had no signifi cant change in any measured performance parameter at 1 or 3 years when compared with preinjury statistics.
Hitters in both the operative and nonoperative cohorts had no change in the number of home runs, stolen bases, or batting average at 1 or 3 years posttreatment when compared with preinjury average values. However, the operative cohort demonstrated a signifi cant decrease in runs (Pϭ.008) and RBIs (Pϭ.009) 1 year postoperatively, which was not seen in the nonoperative group. No signifi cant differences were seen in either of these performance statistics at the 3-year time point postoperatively. Similar to pitchers, nonoperative treatment for hitters did not cause a signifi cant change in any statistical category of production after 1 or 3 years (Table 6) .
Subgroup analysis demonstrated that infi elders had no statistically signifi cant change in any production category following operative or nonoperative treatment; however, a decrease in runs and RBIs produced 1 year postoperatively approached signifi cance (Pϭ.10 and Pϭ.08, respectively) ( Table 7) . In contrast, outfi elders produced signifi cantly fewer runs (PϽ.05) and had a poorer batting average (PϽ.03) 1 year postoperatively. A trend also existed toward fewer RBIs produced after 1 year (Pϭ.07). Each of these decreases in postoperative production was not signifi cant when compared with the 3-year posttreatment averages (Table 8 ). Nonoperative treatment among the infi elder and outfi elder cohorts was not associated with a signifi cant change in any production category at either time point (Tables 7, 8 ).
DISCUSSION
Decades of clinical research on the treatment of herniated lumbar disks have focused on validated outcome measures such as the visual analog scale, Short Form-36 questionnaire, Oswestry Disability Index, Low Back Outcome Score, and return-to-work status. Although these outcome measures have proven pertinent to the general population, the unique physical demands of the professional athlete are such that these are inadequate. Thus, landmark prospective studies of lumbar disk herniation in the general population are not necessarily helpful to guide decision making for this group of patients. 2, 4, 5 The data from this study suggest high overall return-toplay rates after operatively or nonoperative lumbar disk hernation treatment (97.1%), with a signifi cantly longer recovery time in the operative cohort. The operative group showed a trend toward fewer games played after treatment than the This study had several inherent limitations. Although our method of data acquisition in this study has precedence in the literature, 9-13 the use of public records introduces the possibility of reporting errors. Furthermore, without medical records available for every player, the indications for operative treatment were not standardized across the population. In addition, although we used common performance statistics for pitching and hitting, these statistics are infl uenced by a player's teammates and managerial decisions and do not refl ect defensive play. Finally, several confounding variables could have affected the data, such as the age difference and preinjury playing time in our operative cohorts; limited numbers in subgroups, such as pitchers treated nonoperatively; contract stipulations related to injury or performance; personal reasons for retirement; and other concomitant injuries in addition to lumbar disk hernation.
Nonetheless, our fi ndings suggest that further study is necessary to identify athletes that may be predisposed to poor outcome after lumbar disk herniations. The reasons for the operative group having lower statistical performance than the nonoperative group could be explained by a number of reasons. First, the average age of athletes in the operative group at the time of treatment was signifi cantly older than the nonoperative cohort. Although this difference was small, this fact could have affected postoperative career length after treatment. Second, MLB athletes enjoy guaranteed contracts, unlike National Football League (NFL) players, which may create potential incentive differences after injury. Finally, the demands of MLB are likely unique compared with other sports. The regular season is longer and the expectation of repetitive, high-torque hitting and pitching motions hundreds of times a day may accelerate chronic degenerative processes of the lumbar spine after operative treatment. The paraspinal musculature can be weakened by surgery, which could affect the outcome.
A study of surface electromyographic (EMG) activity in both the paraspinal and trunk musculature during the pitching motions of professional baseball pitchers showed that these muscle groups are vital for stability in the uncoiling phase, assisting in the transfer of power from the legs and trunk to the throwing arm. This process of muscle activation was shown to be consistently asymmetric, with a respective 40%, 50%, and 85% increase in EMG activity of the nondominant rectus abdominis, oblique, and paraspinal muscles compared with the dominant side. 8 This asymmetry highlights the signifi cant amount of torque that is generated and resisted by the lumbar spine of pitchers, making a strong trunk and low back critical to proper pitching mechanics and injury prevention. These demands could contribute to a difference in outcome after lumbar disk herniation compared with athletes of other professional sports such as American football and basketball.
The fi ndings of our study contrast with those reported in players of the National Basketball Association (NBA) 9 and NFL, 10 where data were collected using the same methodology. Whereas we discovered several signifi cant decreases in MLB player performance postoperatively, NBA players treated operatively had small but statistically signifi cant improvements in performance when compared with a nonoperative cohort.
9 National Football League players treated operatively for lumbar disk herniation, unlike our MLB cohort, played in signifi cantly more games (Pϭ.002) and for more months (Pϭ.03) posttreatment, while maintaining equivalent performance scores when compared with nonoperative controls. 10 Although defi nitive conclusions cannot be made from this study, we believe that the physical demands of professional baseball athletes may eventually prove to contribute to differences in outcome after operative treatment of lumbar disk hernation in comparison with NFL and NBA players. Prospective outcome studies in this patient population are warranted to answer this important question.
